SUMMARY Six of 25 renal transplant recipients had a duodenal ulcer at endoscopy. Histamine concentration and the activity of histamine methyltransferase, the degrading enzyme of histamine, were measured in gastric mucosal biopsies obtained at endoscopy and compared with patients with duodenal ulcer but not undergoing transplant and with patients with an apparently normal stomach and duodenum. Histamine concentrations in the corpus (no ulcer, median: 151 nmol/g; DU, median: 122 nmol/g) and in the antrum (no ulcer, median: 118 nmoVg; with DU, median: 113 nmoVg) of renal transplant patients, irrespective of ulcer diagnosis, and in patients with a chronic duodenal ulcer (median corpus histamine: 137 nmollg and median antral histamine: 126 nmol/g) were not different from one another but significantly lower than the corresponding values in normal subjects (median corpus histamine: 241 nmoVg, p<001, and median antral histamine: 178 nmollg, p<0 05). Histamine concentration in the corpus was significantly higher than in the antrum in all three groups of patients (p<005). There were no significant differences in histamine methyltransferase activity in any of the groups studied. Mucosal histamine and histamine methyltransferase activity were significantly correlated in the corpus (p<O0O5) and antrum (p<002). Plasma concentration of histamine after transplant was higher in the patients who subsequently were discovered to have a duodenal ulcer (p<005). The occurrence of ulcer after transplantation was not related to the serum creatinine level. The uniform depletion of gastric histamine and increase in circulatory histamine after renal transplantation may be a factor in the pathogenesis of duodenal ulcer disease in this clinical situation.
Patients with duodenal ulcer have depleted mucosal histamine stores in the stomach.' This depletion of histamine is associated with gastric hypersecretion, which is a prominent feature of duodenal ulcer disease. After treatment with cimetidine2 or vagotomy,3 mucosal histamine rises above normal control values, which parallels the reduction in gastric acid secretion. These observations lead to the suggestion that endogenous histamine may reflect the pathogenic states in the gastric mucosa of patients suffering from duodenal ulcer disease.-Renal transplant recipients are known to have an increased risk of developing peptic ulcer, which occurs in 6% to 22% of allograft recipients4'5 but the role of H2 receptor blockade in transplant recipients remains controversial.' In a prospective study of 97 consecutive patients undergoing renal transplantation, randomly allocated to prophylactic treatment with placebo or cimetidine, bleeding episodes occurred in 12 patients, 11 of whom were receiving placebo and only one cimetidine.' In another prospective study of 59 patients, however, cimetidine prevented neither gastroduodenal ulceration nor bleeding after renal transplantation.8 In the period six months after renal transplantation, nine of 27 cimetidine treated patients and eight of 28 placebo patients developed gastroduodenal erosions or ulcers. 8 The pathogenesis of peptic ulceration after renal transplantation is unclear. Transplantation may affect gastric secretion. Renal transplant recipients are known to be hypergastrinaemic. Six gastric mucosal biopsies, 5-10 mg each, were obtained from each patient using a FB24K Grab forceps. Three were taken from the corpus and three from the antrum; frozen within 30 seconds of closure of the forceps jaw. In seven of 25 patients who had undergone renal transplantation only antral biopsies were obtained by mistake.
Before transplantation 13 patients were maintained on haemodialysis, 10 on peritoneal dialysis, and two were not dialysis dependent. Twenty four patients were on a triple therapy immunosuppressive regime of cyclosporin A, 10 mg/kg daily orally; azathioprine, 5 mg/kg intravenously perioperatively and thereafter 1 mg/kg daily orally from day two. Steroids given routinely were methylprednisolone 1 g intravenously perioperatively, hydrocortisone 100 mg bd until postoperative ileus had resolved and thereafter prednisolone 20 mg daily. The remaining patient, from abroad, was on oral steroids and azathioprine.
Blood was taken for plasma histamine estimation in 12 patients after transplantation. The intraoperative samples and the samples taken during the first 24 hours postoperatively were taken from a central venous cannula. The basal samples and the daily samples, reserved at 8 am were taken by peripheral venous puncture. Blood samples were also collected for routine serum creatinine assay.
GASTRIC HISTAMINE ASSAY
Each biopsy was homogenised separately in 0-5 ml ice cold 0-01 M sodium phosphate buffer, pH 6-5, containing 0.1% (w/v) Triton X-100. The homogeniser was washed through with three portions of 0-5 ml cold buffer. One millilitre of the homogenate was assayed for histamine, 80 tl for HMT assay and 50 pl in duplicate for protein assay by the method of Lowry et al. 12 The assay procedures for histamine have been described in detail previously and involved the selective extraction of histamine in the homogenate by passing through a short column of Dowex 50W-X8 ion exchange resin. Fig. 1. (H=8-37, NS). Nevertheless, comparisons between individual groups show that the antral histamine in DU patients was significantly lower than in normal (p<0-05); as was that of RTNU; p<0025) and RTDU; p<005). No significant difference in antral histamine values was found between DU, and the transplant groups.
In 'normal' histamine concentrations in corpus were significantly higher than those in antrum (Wilcoxon's test, p<0-05). Similarly, in DU and in RTNU corpus histamine concentrations were significantly higher than antral histamine values (p<005, respectively). Figure 2 shows the activity of histamine methyltransferase (HMT) in corpus and antral biopsies. No significant differences were observed in any of the groups studied. Figure 3 shows a significant correlation between mucosal histamine and HMT activity in both the corpus (p<0-05) and antrum (p<0-02).
PLASMA HISTAMINE CONCENTRATION AFTER RENAL TRANSPLANT Blood samples were collected before renal transplantation and on each of 12 days after operation. Plasma histamine concentrations were assayed in seven patients with no visible abnormality in the duodenum and five patients with duodenal ulcer disease. The histamine values are listed in the Table. No significant difference was found between the two groups, although those patients that developed ulcer tended to have higher plasma histamine in the recovery period, particularly in the first four days after surgery. Figure 4 shows the highest plasma histamine value assayed in each patient in the recovery period from day 1 For the 12 patients in whom plasma histamine was also studied, the corresponding serum creatinine values are listed in the Table. A significant negative correlation between serum creatinine and plasma histamine was observed in the seven no-ulcer patients (p<0-005) (Fig. 5) . No correlation was found in the five transplant patients who later showed an ulcer (Fig. 6 ).
Discussion
Low gastric mucosal histamine has been previously described in patients with duodenal ulcer,23I 15 and this finding has been confirmed in the present study. We have now noted the same phenomenon in patients after renal transplantation.
Lorenz et al have recently reported on the methods for the assay of histamine in endoscopic biopsy specimens. '6 In order to obtain accurate and reproducible results a strict protocol in the assay procedures must be followed. They recommended a modified Shore's method as superior to the ion exchange procedures for extraction of histamine employed in this study.
In our laboratory we have also used a rigid routine in the histamine assay. In the present study, the corpus histamine concentrations in normal subjects (median 241 nmol/g, range: 135-410, n=12) is consistent with the results reported in the past (median 204 nmol/g, range: 127-540, n=25;9 and, median 252 nmolg, range: 202 to 457, n=10,'°). In the three studies the median values for duodenal ulcer patients were 43%, 22%, and 19% lower than in controls respectively. These values were comparable to the average findings reported by the Marburg group of investigators. 16 In the present study we have found that the gastric mucosal histamine content in corpus and antrum is significantly lower in renal transplant patients, with or without an ulcer, than in normal controls. The magnitude of these reductions is similar to that seen in patients with chronic duodenal ulcer,'7 in whom, as in our patients, the reduction is not specific for the acid producing stomach but is also present in the gastric antrum.
In the stomach mucosal histamine concentration is significantly higher in the corpus than in the antrum of normal controls, duodenal ulcer patients and renal transplant patients without an ulcer. This comparative abundance of histamine in the corpus has been postulated to play a vital role in the mediation of gastric acid secretion.18 No such difference was found in the transplant patients with a duodenal ulcer but this may well be because of the small sample size.
No significant differences in the methyltransferase activity were observed in the corpus or antrum of any of the groups studied. This contrasts with a study by Barth et al, who in a study of 15 After transplantation serum creatinine concentration in patients who had ulcer was not significantly different from that in patients without an ulcer but the former tended to be higher. No correlation was observed between gastric histamine and serum creatinine. As patients in chronic renal failure or after transplantation are known to be hypergastrinaemic9 and gastrin may act by mobilising histamine,2' the three factors: renal function, circulatory gastrin, and gastric histamine metabolism in transplant recipients are currently under investigation.
The finding of reduced mucosal histamine in renal transplant patients with and without ulcer may indicate that histamine is not the sole factor in the pathogenesis of the disease. Depletion of the endogenous store, however, may be the first step in the aetiology of duodenal ulcer disease, invoking other pathogenic factors for the breaking of the mucosal barrier.22 Twenty four per cent of our patients were found to have a duodenal ulcer after transplantation in this study.
Indeed, in a small group of transplant patients, in the first few days after surgery, histamine concentration rose, and more so in those that subsequently developed ulcer. This suggests augmented histamine release though the source of release was not ascertained in this study. Alternatively the raised plasma histamine may be related to the daily administration of cylosporin A or steroids. This rise in plasma histamine concentration after transplantation was not seen in the earlier study by Lorenz 
